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Abstract 
To estimate the developmental toxicity of environmental chemicals on the formation of primordial germ
cells (PGCs), Xenopus laevis embryos were exposed to caffeine at 200 mg/l during the migratory stage
of presumptive PGCs. The PGC-containing region of the larvae at stage 46, which corresponds to geni-
tal ridge, was illuminated by cold light using a halogen lamp and photographed using a digital camera
under a dissecting microscope. The length along the cephalocaudal axis and area of the PGC-containing
region were measured using image-measuring software. The length and area of the PGC-containing re-
gion as well as its relative length compared to the 100-μm body length of caffeine-exposed larvae were
significantly shorter and smaller, respectively, than those of the control. Though further studies con-
cerning the effect of caffeine on PGC formation are needed, these findings suggest that the Xenopus
embryo and larva system examined in this study is useful as a simple, rapid and low-cost initial method
for the estimation of the developmental toxicity of environmental chemicals on PGC formation.  
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ntroduction 
he two main characteristics of living organisms 
re “alive” and “reproductive” and it is important 
o examine the effects of environmental chemicals 
n reproduction. During the 20th century, the risk 
f harm to reproductive function from environ-
ental chemicals has increased in humans. For 

xample, many reports concerning the increased 
ncidence of human males reproductive tract ab-
ormalities and decreased sperm counts in human 
ale in some parts of the world have been pub-

ished (see reviews, Hoyer, 2001, Mori, 2001), and 

there has been increased public concern about en-
vironmental endocrine disruptors such as dioxins, 
which are considered to disturb the hormonal 
regulation during fetal or postnatal development 
and to be harmful to reproductive function (Mori, 
2001).  

The evaluation of chemicals that affect pri-
mordial germ cell (PGC) formation is important in 
reproductive toxicology, because PGCs are cells 
that differentiate into the definitive sex cells of the 
genital glands. In many animal species, including 
humans, it is known that noxious agents, such as 
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ultraviolet light, X-rays and cytostatic drugs, affect 
PGC formation and result in a lack or decrease of 
PGCs in the genital ridges. For example, in rats, 
busulphan, an alkylating agent, is known to destroy 
presumptive PGCs during their migratory phase 
(Merchant-Larios and Coello, 1979). Individuals 
lacking PGCs in the genital ridge are considered to 
be sterile. In spite of the necessity of examining 
the effects of chemicals on PGC formation, there 
have been few reports on this subject.  

The currently used methods for detecting 
reproductive and developmental toxicants require 
evaluation in mammals. Since a large number of 
chemicals have been and are being produced, and 
developmental toxicity tests using mammals are 
very time-consuming and expensive, it is almost 
impossible, from the economic perspective, to 
examine the effects of all of those chemicals on the 
reproduction and development of mammals. On 
the other hand, due to recent strong concerns about 
animal welfare, inexpensive and rapid prescreen-
ing systems for detecting developmental toxicants 
have been proposed, including some using 
non-mammalian organisms (see reviews, Goss and 
Sabourin, 1985, Collins, 1987, Tanimura and Sa-
kamoto, 1995), which could reduce the number of 
mammals needed. The Xenopus laevis embryo and 
larva system is one of the most promising candi-
dates among these pre-screening systems (Dumont 
et al., 1983, Dumpert and Zietz, 1984, Kamimura 
and Tanimura, 1986; Sabourin and Faulk, 1987, 
Bantle et al., 1990, Sakamoto et al, 1992). In 
Xenopus laevis, the process of PGC formation has 
been examined in detail (Blacker, 1958, Kamimura 
et al., 1976, Kamimura et al., 1980, Wylie et al., 
1986) and the PGC formation is sensitive to nox-
ious agents, for example, it is well known that em-
bryos that were irradiated with ultraviolet light 
during their early developmental stage lack PGCs 
in the genital ridges (Tanabe & Kotani, 1974; Züst 
& Dixon, 1975, Thomas et al., 1983, Kotani et al., 
1994). Therefore, it is considered that Xenopus is a 
suitable animal for the initial assessment of the 
effects of chemicals on PGC formation. 

Usually, for the assessment of PGC forma-
tion in Xenopus laevis, PGCs in the genital ridges 
are counted using serial paraffin sections under a 
light microscope on the basis of their cellular 
characteristics, such as their larger cell size com-
pared to neighboring somatic cells, their large and 
polymorphic-shaped nuclei, and the persistence of 
numerous yolk platelets (Tanabe and Kotani, 1974, 
Kamimura et al., 1976, Kotani et al., 1994).  

Since this method of counting PGCs requires ex-
pertise and intensive labor and is time consuming, 
the establishment of a more rapid and simple 
method for assessing PGC formation is needed.  
In the present study, the effects of caffeine expo-
sure on PGC formation were estimated with sim-
plified method using dissecting microscope, and 
which were proposed as a more rapid, simple and 
low-cost pre-screening method for assessing PGCs 
formation. 
    
Materials and Methods 
Embryos and culture 
Freshly laid fertilized eggs were obtained from 
Xenopus laevis (Hamamatsu seibutu kyozai Ltd.) 
by injecting 200 and 300 i.u. of gonadotropic hor-
mone (Gonatropin, Teikoku Zoki Co., Tokyo), re-
spectively, into the dorsal lymph sac of sexually 
mature males and females. Embryos and larvae 
were staged according to Nieuwkoop and Faber’s 
normal table of Xenopus laevis (Nieuwkoop and 
Faber, 1967), and cultured in acrylic plates with 80 
hemispherical holes. Each hole contained 1.5 ml of 
test solution and one embryo.   

 

Experiment 
Caffeine (C8H10N4O2・H2O), obtained from Wako 
Pure Chemical Industries, Ltd., Osaka, was dis-
solved in dechlorinated tap water filtered through 
activated carbon. To examine the effect of caffeine 
on PGCs at the migratory stage, 200 mg/l of caf-
feine was administered from stage 23 (when pre-
sumptive PGCs are located in the deep endodermal 
position and the migration to the endodermal crest 
has not started) to stage 40 (almost all presumptive 
PGCs have reached the endodermal crest). Expo-
sure to 200 mg/l caffeine during these stages has 
been shown to induce slight muscular kinking 
(Sakamoto et al., 1993). After exposure, the larvae 
were cultured in dechlorinated water for 3 days.  
Control larvae were maintained in dechlorinated 
water. Larvae from one batch were used for the 
experiments. Ten larvae each were examined for 
the caffeine-exposed group and the control group. 
Every 24 h, the solutions were changed.  
 
External observations 
At the end of the culture period, the larvae were 
fixed in 10% neutral formalin for more than 3 days.  
External abnormalities, the developmental stage 
and the body length of the larvae were examined 
under a dissecting microscope.  
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Identification and measurement of PGC-  
containing region  
After external observation, by using forceps and 
spring scissors, the body wall and thoracicoab-
dominal viscera were removed, and then the tail 
and head were removed. A small piece of each 
dissected body part of a larva was held between 
two metal blocks to make the PGC-containing re-
gion horizontal (Fig. 1). Under a light microscope, 
PGCs at this stage are usually identified as large 
and yolk platelet-rich cells in the paired genital 
ridge, or in the dorsal mesentery. Under the dis-
secting microscope when illuminated by cold light 
using a halogen lamp, yolk platelets were seen as 
glinting. Since the neighboring somatic cells in-
cluded no or only a few yolk platelets, identifica-
tion of the PGC-containing region as a strongly 
glinting region was possible. Identification of a 
separate single PGC as a large glinting cell in the 
genital ridge and in the dorsal mesentery was pos-
sible, but identification of individual PGCs was not 
possible in regions in which PGCs were aggre-
gated. Therefore, the length and area of the 
PGC-containing region along the cephalocaudal 
axis were measured. The posterior body wall of the 
PGC-containing region was photographed with a 
digital camera. The length along the cephalocaudal 
axis as well as the area of the PGC-containing re-
gion were measured using digital image measuring 
software (Pixs2000_Pro, Inotech Co., Hiroshima).  

For statistical analysis, means and standard 
deviation (SD) were calculated. Continuous data 
were analyzed with the F test. When variances 
were homogeneous, Student’s t-test was performed.  
When variances were not homogeneous, Welch’s 
t-test was used. 

       
Results 
External observation of the larvae 
External observation of the larvae revealed that 
seven caffeine-exposed larvae were apparently 
normal, whereas the remaining three showed slight 
muscular kinking. No external abnormalities were 
observed in the controls. The developmental stages 
of the control and caffeine-exposed larvae was not 
different: all of them were at stage 46. The 
PGC-containing regions of control and caf-
feine-exposed larvae are shown in Fig. 2 and the 
results of measurement are shown in Table 1.  
The body length of the caffeine-exposed larvae 
was significantly shorter than that of the controls 
(Table 1). The length and area of the PGC-con-
taining region of the caffeine-exposed larvae were 

larvae were significantly shorter and smaller, re-
spectively, than those of the controls. The relative 
length of the PGC-containing region to 100μm 
body length (length of PGCs existing region/body 
length × 100) was also significantly shorter than 
that of the controls. For reference, the results of 
mesurement of the seven apparantly normal caf-
feine-exposed larvae and three larvae with muscu-
lar kinking are shown in Table 1. 
  
Discussion  
The Xenopus embryo and larva system is a good 
candidate for the assessment of the effects of  
environmental chemicals on PGC formation. One 
of the advantages of this system is the small num-
ber of PGCs. Though there are individual differ-
ences, the number of PGCs in Xenopus is about 
30~60 (Tanabe and Kotani, 1974, Kamimura et al., 
1976, Kotani et al., 1994), while that in the mouse 
is reported to be several thousand (Kemper & Pe-
ters, 1987, Godin et al., 1990). The small number 
of PGCs makes it easy to assess the effects of 
chemicals on PGCs. Another important advantage 
is that the process of PGC formation has been 
clarified in detail, and includes the following three 
important developmental events. 1. Participation of 
the germinal plasm. The germinal plasm is a   
cytoplasm that has been demonstrated to be  in-
dispensable for the formation of PGCs in anurans. 
The germinal plasm is found as cytoplasmic 
patches scattered in the vegetal pole region of an 
uncleaved egg. These patches assemble through 
the fertilization and cleavage stages, and by the 
mid-blastula stage, have formed a few cytoplasmic 
islands, which are incorporated into several blas-
tomeres (Blackler, 1958). These germinal 
plasm-bearing cells are regarded as cells of the 
germ line, which differentiate into PGCs in the 
genital ridges at the tadpole stage. 2. Active 
movement of presumptive PGCs themselves. The 
extragonadal origin of germ cells has been demon-
strated in the embryos of many vertebrate groups 
(see review by Wylie et al., 1986). Presumptive 
PGCs migrate from their site of origin to the future 
gonadal ridge. In the anuran Xenopus laevis,  
presumptive PGCs migrate from a deep endoder-
mal position to the dorsal crest of the endoderm 
through the endodermal cell mass by active 
movement (Kamimura et al., 1980). 3. Prolifera-
tion. The number of germinal plasm-bearing cells, 
i.e., presumptive PGCs, increases about four-  
fold during the period from the gastrula to the 
feeding tadpole stage (kamimura et al., 1976). It is 
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Fig. 1 Photograph of a cut piece of a
Xenopus larva held between two
metal blocks (M), which shows the
dorsal body wall of the larva. Bar =
500μm. The PGC-containing region
(arrow) can be identified as a strongly
glinting region at the dorsal root of the
dorsal mesentery. The asterisk (✽)
shows the caudal end portion of ureter
where cells include considerable yolk
platelets and are seen as glinting. S,
somite.  

 

conside
at the m
has bee
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Fig. 2. Photographs of PGC-containing region of control (a) and caffeine-exposed (b) larvae. 
The external features of these larvae are normal, and their body length is 11.1 and 10.9 mm,
respectively. Bars = 100 μm. Arrowheads show the main area where many PGCs aggre-
gated, and arrows show a small area where one or a few PGCs exis. Asterisks (✽) show the
caudal end portion of the ureter. S, somite.  
red that presumptive PGCs also proliferate 
igratory stages. Since PGC development 

n elucidated in detail, as described above, 
chemical is found to be harmful to PGC 
n in this system, it is possible to examine 

which developmental event was affected. There-
fore, this assay system not only facilitates the as-
sessment of PGC formation, but it is also very 
useful for identifying the developmental events 
that are affected by a chemical, and therefore for 
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Table 1. Effects of caffeine exposure at 200 mg/l during stages 23~40 on the formation of PGCs in the genital ridge of
Xenopus laevis1 

No. of                       
                embryos Body length   Length2       Area3  Relative  
                examined     (mm)                (µm)                (µm2)          length4

 
Control 10 10.99 ± 0.19 471.9 ± 37.9 22104.4 ± 6046.2 4.29 ± 0.33 

 
Exposed 10 10.12 ± 1.01$ 326.4 ± 104.9$$ 15586.9 ± 6379.4* 3.20 ± 0.90$$

               （ 75 ） (10.67 ± 0.14**) (355.0 ± 97.7$) (17142.3 ± 6839.9) (3.33 ± 0.94$) 
           （ 36 ） ( 8.83 ± 1.01) (259.8 ± 106.4) (11957.7 ± 3815.3*) (2.89 ± 0.89) 
1Values are means ± SD. 
2Length of PGC-containing region. 
3Area of PGC-containing region 
4Length of PGC-containing region/body length×100. 
5Larvae with no external abnormalities. 
6Larvae with external abnormalities. 
*, **Significantly different from controls at p<0.05, p<0.01, respectively (Student’s t-test). 
$, $$ Significantly different from controls at p<0.05, p<0.01, respectively (Welch’s t-test). 
 

clarifying the mechanism of action of a chemical.   
The present study showed that measurement 

of the PGC-containing region under a dissecting 
microscope was possible. Furthermore, it was 
demonstrated that PGC formation in larvae ex-
posed to caffeine during the migratory stages was 
affected. Caffeine is an alkaloid with various 
pharmacological effects on the central nervous 
system, cardiovascular system, smooth and skeletal 
muscles and on secretion (Rall, 1985). Further-
more, it is reported that caffeine blocks the activa-
tion of cyclic AMP synthesis in Dictyostelium dis-
coideum (Brenner and Thoms, 1984). In Xenopus 
laevis, as the active movement of presumptive 
PGCs to the dorsal side is considered to be guided 
by cyclic AMP (Gipouloup, 1979., Brustis et al., 
1982), the effect observed here on PGC formation 
of caffeine exposure during the migratory stages of 
presumptive PGCs may due to the disturbance of 
cyclic AMP formation. Further studies concerning 
the effect of caffeine on PGC formation are needed.  
Based on the observations described here, it is 
considered that this method is useful as a simple, 
rapid and low-cost pre-screening method for as-
sessing the effect of chemicals on PGC formation.  
The flow chart of the method is as follows. 1. Ob-
servation of external features. 2. Measurement of 
body length and developmental stage. 3. Removal 
of the thoracicoabdominal viscera, after which the 
PGC-containing region can be identified as a 
glinting region along with the genital ridge when 
illuminated by cold light using a halogen lamp un-

der a dissecting microscope. For photography, the 
head and tail are removed, and a cut piece of the 
body part of a larva is held between two metal 
blocks to maintain the PGC-containing region in a 
horizontal position. 4. An upper view of the 
PGC-containing region is photographed with a 
digital camera. 5. Measurement of the length and 
area of the PGC-containing region using digital 
image measuring software.        
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